Recording and Measurement of Electrocardiograms. A standard 12 lead cardiogram was recorded. The following measurements were made from each. (1) The frontal plane axis; (2) the height of the tallest P wave and the P wave axis; (3) the height of the tallest R wave in Vl and V2; (4) the width of the intrinsicoid deflection over the right ventricle; (5) the depth of the deepest S wave in V5 and V6; and (6) the magnitude of the total deflection in the limb leads and in V6.
In the patients with hypertrophy of both ventricles the R wave in V5 and V6 and the S wave in VI and V2 were also measured. Measurements were made with the naked eye to the nearest 0 5 mm. and the nearest 0-02 second. The frontal plane axis was calculated by the method of Carter, Richter, and Greene (1919) to the nearest 5°. Accurate measurement of the P wave axis was not attempted. If the P wave in aVL was positive, the axis was recorded as less than + 60°, if it was negative and low or flat in lead I it was recorded as greater than +60. In addition, the criteria of Goodwin and Abdin (1959) for right ventricular hypertrophy were applied to each electrocardiogram. Goodwin and Abdin's criteria involve the use of V4R, which was not recorded. It was assumed, however, that if the R wave was dominant in aVR and Vl, it must be dominant in V4R. Conversely, if the R wave was not dominant in either aVR or Vl, it could not be dominant in V4R. It was also assumed that if the R wave was dominant in Vi but not in aVR, a dominant R was present in V4R. This assumption may not have been correct and could have led to the diagnosis of a higher grade of right ventricular hypertrophy than was actually present. However, in only one instance did an electrocardiogram show a dominant R in Vl and not in aVR, and this patient had a right bundle-branch block. Without V4R it was impossible to separate Goodwin and Abdin's Grades III and IV, and these were recorded as Grade III or IV.
Measurement of Ventricular Weight. The ventricles were dissected and weighed by the method of Fulton, Hutchinson, and Jones (1952 There was a tendency for the axis to increase with increasing degrees of right ventricular hypertrophy, but for individual patients the correlation between the axis and the degree of hypertrophy was poor. Individual correlations were no better if the axes were compared with the ventricular ratios.
None of the patients with hypertrophy of both ventricles had right axis deviation. Of the 6 patients with myocardial ischmmia, 4 had moderate or severe right ventricular hypertrophy, but only W.W. (RVW, 114 g.) had right axis deviation.
The results show that right axis deviation is a reliable sign of right ventricular hypertrophy, but the extent of the axis deviation is a poor guide to the degree of hypertrophy. The absence of right axis deviation is good evidence against moderate or severe hypertrophy, providing left ventricular hypertrophy and myocardial ischlemia can be excluded.
Praecordial Pattern. The height of the R wave in Vl and V2 in the patients without hypertrophy of either ventricle ranged from 0-5 to 5 0 mm.
Only 1 patient in this .group had a secondary R wave, and this patient C.M. (RVW, 75 g.) had an axis of -1650. Among the 20 patients with isolated right ventricular hypertrophy, 6 had R waves of more than 5 0 mm. and 4 had secondary R waves. The height of the R wave tended to increase with increasing right ventricular hypertrophy, but there was considerable variation. None of the patients with hypertrophy of both ventricles had an R wave of more than 5-0 mm. Of the patients with ischaemia and right ventricular hypertrophy, 2 had R AA group.bmj.com on June 23, 2017 -Published by http://heart.bmj.com/ Downloaded from However, the absence ofthese signs does not exclude right ventricular hypertrophy. A prolonged intrinsicoid deflection is of little value in the diagnosis of right ventricular hypertrophy.
P Wave. Only 8 of the 20 patients with isolated right ventricular hypertrophy had P waves of 2-5 mm. or more. Two of the 7 patients with hypertrophy of both ventricles and 2 of the 4 with myocardial ischimia and right ventricular hypertrophy had P waves of 2-5 mm. or more. A P wave axis of more than + 600 occurred with almost equal frequency among the patients with and without right ventricular hypertrophy.
Therefore, a P wave of 2-5 mm. or more indicates right ventricular hypertrophy but its absence does not exclude it. A tall P wave may be of greater value than other electrocardiographic signs in the presence of hypertrophy of both ventricles or myocardial ischaemia, but more cases would have to be studied in order to prove this. A P wave axis of more than + 60°is of no value in the diagnosis of right ventricular hypertrophy.
Goodwin and Abdin's Criteria. Among the 20 patients with isolated right ventricular hypertrophy, 15 had electrocardiograms showing Grade I or more. The criteria gave 2 false positives among the patients without ventricular hypertrophy. One of these (L.Z., RVW, 45 g.) had a dominant S wave in all the prwcordial leads so that there was a dominant S in V5. The other had a right ventricle weighing 75 g. which is above the upper limit of normal given by Fulton et al. (1952) , though less than 80 g. which is the lower limit for right ventricular hypertrophy. The correlation between the electrocardiographic grades and the degree of hypertrophy was poor.
Effect of Emphysema on Electrocardiogram. Of the 12 patients with widespread emphysema, 5 had dominant S waves in all the praecordial leads. This pattern may be due to emphysema but was also seen in 2 patients without emphysema. There were no other common features which could be attributed to the presence of emphysema.
DISCUSSION
The present study demonstrates the value of right axis deviation in the diagnosis of right ventricular hypertrophy due to chronic lung disease. Einthoven (1906 Einthoven ( , 1908 was the first to suggest axis deviation as a sign of ventricular hypertrophy. Phillips (1958) and Roman et al. (1961) emphasized the value of right axis deviation as a sign of right ventricular hypertrophy, and Shipley and Hallaran (1936) and Packard, Graettinger, and Graybiel (1954) Goodwin and Abdin's criteria depend on the ratio of the R and S waves in the precordial leads, and in their original study the correlation between the electrocardiographic changes and the degree of right ventricular hypertrophy (measured by wall thickness) was fairly good. However, only 16 out of the 117 patients in their study had chronic lung disease. Caird and Wilcken (1962) , using the same anatomical and electrocardiographic criteria, failed to find any correlation between the degree of hypertrophy and the electrocardiographic grade. The present study confirms this.
The lack of correlation between the prxcordial pattern and the degree of hypertrophy may be due to alteration of the position of the prxcordial leads in relation to the heart. In emphysema or any lung condition in which there is overinflation of the chest, the heart tends to be displaced downwards and the antero-posterior diameter of the chest increased. These changes may disturb the balance of the R and S waves across the pracordium and partially mask the effects of ventricular hypertrophy. The dominant S wave, which was found in nearly half the patients with widespread emphysema, could be explained by extreme downward displacement of the heart in relation to the pr.Tcordial leads.
In the present study emphysema was diagnosed from the chest radiograph using the criteria of Simon (1964) . Reid and Millard (1964) in a comparison of the radiograph during life with the lung at necropsy found that Simon's criteria were reliable, though severe and extensive emphysema must be 4 present before radiographic changes can be detected. Thus, though minor degrees of emphysema may have been missed, it is likely that the 12 patients in whom emphysema was diagnosed had extensive changes in the lungs. However, apart from dominant S waves in the precordial leads, the cardiograms in this group had little in common and did not show the changes commonly attributed to emphysema. Left axis deviation, which Grant (1956) suggested might be caused by emphysema, was present in only one patient and in this case may have been due to myocardial ischemia. Wasserburger et al. (1959) and Littmann (1960) described a vertical electrical axis in emphysema, but a vertical axis was no more common in the patients with widespread emphysema than in those without. The low voltage in emphysema observed by Selvester and Rubin (1965) was found in only one instance.
The present series is small and does not exclude the possibility that emphysema may sometimes cause electrocardiographic changes. However, it is possible that some of the changes previously attributed to emphysema may have been due to undetected myocardial disease.
SUMMARY AND CONCLUSIONS
A comparison was made between the electrocardiograms and the ventricular weights of 46 patients with chronic lung disease. Right axis deviation (frontal plane axis + 910 to ± 1800) was 49 group.bmj.com on June 23, 2017 -Published by http://heart.bmj.com/ Downloaded from
